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JUNCTIOMAL CHANGES IN THE GASTRIC GLANDULAR AFMARATUS IN

S _r__;!tol_o;yi rervoykh ) . Professor Ya, P,

toessov [Physiology

o

Axlyarov,

of: Herve Proucesses], Department of Physiology,
W. Kiev, Pages 396-404 . L'vov' Nedioal Institute

One of the major directions in the research og professor

Georgii Vladimirovich Fol'bort, member of the Academy of Soiences

Ukrainien SSR is the study of the processes of functional exhaus-

tion and recovery of working organs.

- The foundstion for these researches was iaid in the works

° ~ ‘of the great Russian physiologist, Ivan Petrovich Pavlov, in 1890

° - in his studies of the muterial substrate of physiologiosl processes.

Paviov showed that stizulation of the salivary gland results in tvo

mutually controdictory processes: ths destruction and the restora-’

tion of the substances of cellular protoplasa, Both processes oc-

ing ttuu;, is more pronounced, while dnri;nz rest the process of

’cgr while the organ is active and also while it is at rest; but in

‘ the formsr state the process of destruction, exhausting the work-—

recovery, sacccupanied by accumulation of the substances of cell

protoplasn, is dominant.

While still working in Pavlov's labo-atory, Fol'bort showed

in 1917 that the principles of ths processes of exhaustion and re~

covery established by Pavlov in scute experiment could also Le

demonstrated in chronic experiment by the method of intermittent

feeding developed by collaborators by Paviov. The essence of the

method is found in the fact that repeated feeding of small Quanti-

ties of food to an animal produces an sdditive effect in food
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| stimulus wnd inveoasisies piiadiis. aotivaty, resultisg in ~ .edqus-

tion in the work-capability of the glandular tissue.

IR experiments involving virtually all the sajor digwstive
glands, in 1932 A. B. Pel'dman, and in 1940 R. I. Aleksentseva,
N. K. ﬁl'ni)nova, M. P. Kovalenkn, E. N. Gofman, and ather ocol-
laborators ot G. V. Fol'bart, followed by Ya, P. S8klyarov with
salivary gland studies in 1948, and his associates Z. V. Dovgan'
in 1852, P. T. Karavayev, A. P, Grechishkin, and V. 8., tavrom in
1954, and A, G, Xantser ou gastric glands in ;935, and M. P. Miki-
forovskaya and I. V. Shostakovskaya on the pancreas in 1854, 1p~
vestigated the major laws involved in the proceases of exhaustion
and recovery of working glandular tissue. The major indie: .
thereof wore the changes in the changes in the chemical coupoal-

tion of the substances thus secreted.

P " E. D. Bromberg, in his study of the salivary glands, and -
A. G. Kantser, studying the pancress, have attempted to investi-
gate the chomical changes in glandulsr tissue in chronic experi-
mant, Although the methods employed more nearly @-bhd -tho.c
of semiacute experiments, these workers were able to shed 1light om

one of the aspects of functional change in glandular tissue.

In our own 1nbontory V. 8. 8avron' and L. N. Earpenko de-
veloped in 1954 an entirely satisfactory wmethod of sim:ltaneous
study of structural snd chemical changes in the gastric mucosa,
the secretory process and the chemical composition of gastric
Juice. Sowe of ths researches thus performed have alruvady been

publistied, while tliie present communication sets forth new data,

Excision of the mucosa is performed under visusl control,
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. vis & tistula tummrormlhrcumm.r The canine swb~-
 jeots of experiment reveal no pain when this is dooe, the oourse

" of the process of sesretion is not affected, and minor loss of
blood ceases within 5 to 10 ninutes after mulon for which a

B

-podtn instrument is used.
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glandular cells after secretiocn uf long duration (rigure 1, micro-

photo). The reproduction shows the state of the mucosal cells be-
fore the start of long-lasting secretory activity (slide by V. 8.
Savron'). The major cells contain many routory granules, the
nucles are quite clesr, and the cell borders are delineated dis-
tinctly. The cells lining the -m are s0 solidly packed with

secreting granules that the nuclei are coxpletely invisible.

The condition of the gastric mucosa dt’r long~term secre-
tion, shown in Figure 2, is entirely difforent. The major cells - = i
are empty, containing virtually no granules of secretion, and the
borders of the cells are blur-red at many points, The stomach- v
lining cells have also lost a coasideradble portion of their mulu’
of lo;u'ouon. in many cases, & light-colored border appesrs around
the nuclei of the lining cells, while the periphery of tho oell

continues to show granular structure,

Comparison of our observatisas with those of other workers
(Heidenhain, 1870; Nol®' snd Sokolov, 1906; Lasovskiy, 1938) shows
that all these had reported disappearsnce of the granular struc-
ture of the cells after sscretion. However, Mol' and Sokolov re-
ported that in the lining cslls, ths granular structure was re—
stored so quickly during seoretion that it was impossible to iden-
tify the changes therein. Our observations also showed w1n~
ical changes in the cells to be insignificant when secretion was
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for s'.ort pericds. Bt sodesquent $0 loag pericds of searetion

turo wore unmistaksble chapges in internal cell structure.

TARIE 1

CHAWGES IN THE COMPOSITION OF GASTRIC MUCOBA AND GASTRIC JUICR
SUBSEQUENT TO LOWG PIRICDS OF SECRETION BY TNE GLAYDS OF THR STOMACH

Dog Tresor, 11.2 kg in weight

LI SO .
iﬁ ;'3 snl _5.:. .53 - °5
59 s 335 i: 33 ¢ i3
13 243 §1 1% 3s fd
Experimont of 21 January 1954

{3} (4] (8] (6] (71 (8] (9]
18.3 591.8 20.7 1.5 19.2
5 3.5 5.0 439.78 2.9 0.8 2.1
3.0 5.0 514,75 3.0 0.7 2.3

3.0 5.2 428.0

4.0 4.6 497.0

4.0 4.0 439.75

4,0 5.0 438.75

3.5 4.2 439,75

3.0 3.6 428.0

3.5 3.0 428.0

3.0 3.2 408.25
3.0 3.9 439.75 1.8 0,7 a.9
3.0 z.0 4326.0C 1.7 0.9 0.8
13.0 517.8 18.8 1.6 17.2
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| Experiment of 32 January 1984

(2]

(s} (4] {8} (8] 17
Mjcosa 15.0  458.8  20.8
Bread 200,0 5
8.0 3.6 ¢39.76 2.0
45 3.0 4326.0
2,0 3.2  438.0
0.5 - -
Mucoss 14.5  475.6  20.5
Experiment of 23 Junuary 1884
Mucosa 17.0  530.7  323.0
Brecd 3200.0
4.5 4.0 496.0 2.0
4.0 3.8 496.0
3.0 3.8 463.0
1.0 - -
Mucosa 16.5  517.5  32.1
Experi~ent of 24 January 1954
Mucosa 156.5 518.78 30.8
Bread 200.0
5.5 4.6 408.35 2.6
4.0 4.4 426.0
2.8 4.4 408.25
1.0 -
Mucosn 15.0 575.0  30.3
Experiment of 25 January 1854
Mucoss 15.0  8548.5  21.0
Bread 200.0
5.0 5.8 479.35 3.1
-5 -
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1330 2.8 5.6 462.0

1430 . 0.8 - - _ . ; ,
sucoss 15.86  837.3 20,9 15 204 :

Experiment of 26 January 1884

" Ruooss 14.5 585.8 21.2 1.4 19.8
0930 Bread 200 ST :
1030 3 4.0 3.0 497.0 2.8 0.7 2.1
1130 3.5 5.2  426.0
1230 3.5 4.8 462.0
1330 2.0 4.8 497.0
1430 0.5 - - ‘

Mucosa 14.0 818.28 21.:3 1.8 19.8

© . Btudy of the chemical changws in the gastric mo-nmuitod

in the discovery of oxceedingly interesting phononeun‘. Tuble lk

presents dats from the experiments of L. N. Karpenko on changes in

the composition of ths gastric mucosa and the gastric juice subse-
quent to long periods of secretion by the gastric glands (12-hour
oxpsérinent), and also shows how the composition of the gastric

Juice and mucosa changed during the following days.

As is evident froam the data, the secretion of Juice through-
out almost the entire day of ihe experiment remained virtually un-
changed; netther did the rate of secreticn show any significant
changes. The peptic sctivity, which was 5 um on the Mett scale at
the begluning of the activity, dropped to 2 am st the end of a long

experiment, Thie testifies to the fact that the concentration of

ferment in the Jjuice declined from 25 to 4 units, or by more than 5/6.
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'g'u_t'rlc ‘Jjutce. Waile, at the outset of sn experiment of long
duration it was 2.9 to 3.0%, at the end it dropped to 1.6-1.7%,

i1.e., the concentration of solids in the juice dropped by more
than hu. The decline in the solid residue was due to reduction
by more than balf in the organic substances in the Jjuice, while

the absolute content of organic meterials remained virtually ﬁn-

changed. Despite the aarked fluctuation in the qurntity of

.
R

chlorides in the composition of the gastric Jjuice, it remsined

virtually the same toward the end of the expsriment.

In experiments of long duration there was considerable
change in the composition of the gastric mucosa before and after
secretion. Before secretion, the peptic activity was 15.5 sm on
thq Nett .cgh. but -fter a long period of secretion is‘ dropped to
13}-'-.-‘ In e.ccordanoo therewith, and with Borisov's Lav (1881), ‘ -
concentration of ferment in the mucosa dropped fros 240.23 to ieo.o . \ .
units. In addition, the solid residue and chlorides in the gastric

mucosa dropped as a result of the decline in its organic compouent.

~ Thus, long-continued gastric-glaud &ctivity led not oaly to
changes in the chemical composition of the juic>, but to change in
the chemical composition of the mucosa, in particular of those com-

ponents which are excreted in the gastric juice. This is direct

confirmation of the ideas repeatedly expressed by Paviov as to the
consunption of matter during tissue activity, and on thovconaoqmnt
decline in the efficiency of the various organs. These experiments
confirm the data on functionsl exhaustion derived by G. V. Fol'bort

and his associates.
The profundity of ths changea in the gastric mucosa is less

-7 -
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mavke. than tost nf th:n‘m:":‘n in the conposition of the gastcin
Jutce. This tostilies to the faot that Lt is not ounly the consunp-
tion . .- ¢ significant in fupniiouai exbausSion, but

the weskeniry .° the mechanisms by wmeans of which gistric secre-

tion takes plnce.

The sxample at hand provides renewed confirmation for Psv-
lov's observation as to the significance of "damage to the mechan-
isms" in the phonomena of functional exhaustion, this being the
phenomenon responsible for actusting the apparatus of gastric

secretion (I. P. Paviow, 1890).

Study of the process of recovery of the chemical composs-
tion of the gastric juice demonstrates that peptic sctivity, amd

the 301id rec..ues of the juice attsin their initial magnitudes

_ only on the third day subsequent to mn experisent of long duration.

Alter attaining its initisl value, the peptic sctivity oxl the ,jlizon
then rises sbove that level, declining to that point again only os
subsequent days. Analogous changes ars undergoné by the organie
subs.ances of the solid residue and the chlorides. However, one
wust ..ote that change in the chloride coatent is subject to less
severe laws than, for example, change in the peptic agtivity of the
Julce. In the majority of experiments, there s no significant

change in the quantity of chlorides.

westoration of the composition of the gastric mucoss pro-
ceeds considerably faster than that of the chemical composition of
gertric juice. Ou the second day of restorstion, the peptic activ-
ity of the mugoss (nd the amount of s0lid residue in the mucosa is
gioater than in the {nitial experiment. Subsequeatly, the oompos i ~

» o »f the muoe. A returns to magnitudes of the previous order,

-8 ~
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The difference in the rate of recovery of the composition

of the gaatric mucoss snd of the cheaical composition of the Juice
it secretes testifics to tue fact that, in udltlox; to the recov-
ory ocourring in the isucoes, high significance is asoribabls to the
restoration of the efficieacy of the ucbnnim by which gastric

secretion is §umhtod.

To clarify this question, experiments were sot up to 1llus-
trate the role of nervous stimuli in the processes of recovery.
We did not §ive major attention to the role of chemical influences
6! the gastric glands, as our prior studies had demonstrated that
chemical stimuli such as higtemine have but a weak effect on the

trophic sotivity of the gastric glands., In dogs whose vagus nerves

H
M
2
1
;
£
¥
i

had been exteriorised and shredded, and which had gastric fistulas,
this nerve was stimulated by & current of induction. Secretion ac-

companying this was completely inaignificaat, but the mucosa showed

‘marked changes in composition. Table 2 presents the results of one Y

such experiment.

As may be seen, the peptic activity of the gastric mucoss
rese from 9,. to 14.5 mm, a fact testifying that pepsin in the
mucosy had =z re than doubled. This also producod an increase in

qoltd residus and chluorides within the gastric sucosa.

8imi . r dats were obtained when another type of nervous
stinulus of ¢ gastric glanis was omployed. ‘Table 3 shows the
changes in t. ¢ composition of the gratric mucosa due to a natural

coaditionsd ieflex: the sight end smeil of food, .

It is evident froa these records that conditionsd reflex
excitation of the gaatric glands 1lod to a tuild-up of pepsin,
aclids, and chlorides in the gastric aucosa,

“ 9 -
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Inaresss in t0 aontent of these sudbatawces in the gastric
wacoss, dus to NErvous emcitation, is proof of the positive effect
of the oentral nervous system on trophic processes in the gastric

glands.,

, . The effeec: of the vagus perve, as demonstrated in studies
by our sasoaiates (5. V. Dovgan', 1954, and L. K. Karpemko, 19084),
:  “ : h agcoupanied by exvretion in the gastric juice of s parasympa-~

. thetic mediator. Whether it is the effect of impulses from the

ﬁm nerve, or whether the accumuletion of blood acetylcholine

is due to other reasons, a gastric socretion of high peptic activ-

ity and elevated solid residue (due to the incresse in the awmount

of organic matter) occurs,

TABLE 2
EXPERIMENT OF 26 MAY 1954, DOG BURKA, 15 kg

;~ ~ -
Time Stimulus . 5,35 o ] ®
> - an ~- et
egd 35 3 3. 3¢ o3
w O o= - »
§RaREEEg 8t 33 ET i3
Nif 3¢ 225 358 8% 39 s¢
Mucosa, 9.5 505.8 16,8 1.3 15.5
1340  induction
aurrent to
vagus nerve
1408 30 minutaes 3 1.5 1.6 419.5
1420  Nucosa 14.5 -574.6 18,1 1.4  16.7
1420 1.5 3.4  485.0
1430 0.8 4.0  437.25
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TABLE 3
‘ 7 EXPRRIMENT OF 24 NAY 1954, DOO AURKA, 15 kg
e - » Gl e ~ 2
T - ] 8% s
. R S T 32 7% 92 .
o us 3rg3c 33 §% 33
O & i 28 ga 33 37 43
41 £5241 13 11 &%
L mecosmy . 10,5 366.2 15.6 1.3 ‘4.4
o swell of : :
1000 2 50,0 3.4 313.0
- lquid
1002 Mucosa . 11.0 415.5 15.8 1.5 14.3
1013 iHucosa 12.5 485.6 16.3 1.4 14.9
. . - We attained an increase in acetylcholine in the organism by ’
-ubcuimous introduction of physostigmine. When this was done,
¥
we observed an increase in secretion of gastric juice, and change s
in the coaposition of the gastric mucosa. Table 4 presents the
corresponding data.
TABIR 4
~ EXPERIMENT OF 30 OCTOHER 1934, DOG VIKHR', 18.5 kg
. L N ™ ) -
Tie  suwas .43 ¥5.853 .53, 3g g3
§3% 8223335, 8833.3% 33¢
o ha saa .} 3--45-.-: ewl
, 387 38325y~ ER 333" 8% 5B
{2} =) [s) (¢] [8] [6] 71 (8] (s}
: . coss 12.0 473.3 20.4 1.6 18.8
1100 Physostigmive
(x}xm) = de7
1138 8 B85 4.3 432.8 3.4 0.5 1.9
1140 9.5 4.6 426.0 3.4 0.6 1.8
Mucosa 13.233 426,.0 20.8 1.3 19.3
- 11 -
. — —
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7.0
10,0
10.0
6.0
8,0
8,8
7.0
2.5
1.0

Mucosa

L

P

S

4,0

4.8
5.6
4.0
4.4
4.2
4,0
4.0

18.0

]

432.5
433.5
433.0
483.3
463.0
438.0

426.0

473.3

T -

21.0

SO
1.8 1.
1.5 19.5

¥ithout touching on the question as to the composition of

the gestric juice, which was very similar to that resulting frox

perve stimitlus of the gastric glards, we turn our attention to

shemical changes in the gastric mucosa.

As can be seen fron the

data pregented, the accumulation of blood acetylcholine stimu-

lates gastric secretion, and leads to & considerable rise in the

peptic activity of the gastric muuosa.

There is sons increase in

the solid residue of the Jjuice, only the chloride conten: remain-

ing unchanged.

Thus, scotylcholine is a factor focilitating strengthening

of the processes of rscovery, exciting the secretory function of

the stomach glands, and markedly increazing the trophics of glandu-

lar tissue.

In summarizing tho data set forth adbove, we call attontion

to the fact that penetration into the intimate mechanisms uf the

process of sacretion provides results that have both theoretical

and practical importance.
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Figure 1, "Gastric mucosa before secretion, magnified 15000‘?1neax

<

Doninici-ﬁedrovsk;y statin (vicrophoto). Co S o T

el -

» 'flkdre 2, Gastric mucasa after long-term secretjon. Magnified : )

11,000 tlbes. pominici-Kedrovskiy stain (microphoto).
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